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Fig. S1. Nitrogen adsorption-desorption isotherm and the pore size distribution of the SiO 2 support. Table S1 . Results for the transformation of anisole in different solvent systems. Table S2 . Structure parameters of the RuW/SiO 2 catalyst extracted from the EXAFS fitting. Table S3 . Results for the transformation of substrates over the RuW/SiO 2 catalyst. Table S4 . Elemental analysis of the kraft lignin sample. Reference (59) (t, 3H) . The quantitative analysis of these gaseous products were conducted by using nitrogen as the internal standard on a GC (Agilent 4890D) equipped with a TCD detector and a packed column (Carbon molecular sieve TDX-01, 1 m in length and 3 mm in diameter) using Argon as the carry gas. Within 4.5 h, the amounts of CO2, CH4 and H2 were 0.898, 0.053 and 1.76 mmol respectively, when 1 mmol anisole was added. o C, 0.5 MPa Ar, 5.0 h, 800 rpm. In the experiment, 1.0 mmol anisole or anisole-(methyl-d3), 0.08 g RuW/SiO2 and 5.0 mL H2O or D2O were loaded into the reactor. The reactor was sealed and purged with argon to remove the air at room temperature. Then the reactor was placed in a furnace. 0.5 MPa Ar was introduced into the reactor and the stirrer was started with a stirring speed of 800 rpm. After the reaction, the reactor was placed in a bath of liquid nitrogen very quickly and the gas was released immediately. After the refrigeration, the mixture was transferred into a centrifuge tube and the catalyst was separated by centrifugation. Identification of the formaldehyde was conducted using a GC-MS (Agilent 5977A) by comparing the MS spectra of the products to the reference spectra. fig. S7 . GC analysis showed that the selectivity of benzene could be > 99.9% in the reaction, indicating that benzene was the only reaction product over the RuW/SiO2 catalysts in water. As shown in fig. S7A , RuW/SiO2 catalyst could promote the transformation of anisole to benzene at temperatures ranging between 120 and 140 °C, but low conversion was observed. With further increase of temperature, RuW/SiO2 catalyst showed a superior activity affording full conversion at 175 °C in 5.0 h (fig. S7B ). The procedure was subsequently performed at 175 °C to study the effects of Ru and W contents on the conversion and selectivity of the reaction. It can be found that anisole conversion increased with increasing the content of Ru (at fixed W content) or W (at fixed Ru content) at beginning (figs. S7C and S7D) and became independent of the metal content when the metal content was high enough. The conversion of anisole and selectivity to benzene did not change notably after the catalyst was reused five times ( fig. S7E) , which indicates the excellent stability of the RuW/SiO2 catalyst. Fig. S7F exhibits the XRD patterns of fresh (black) and used (red) RuW/SiO2 catalysts. It is shown that the patterns of the fresh RuW/SiO2 catalyst and the used RuW/SiO2 catalyst after 5 cycles are nearly the same, suggesting that the crystalline of metallic RuW remained after 5 cycles. The TEM images and RuW particle size distributions of the fresh RuW/SiO2 and the RuW/SiO2 after five cycles are shown in fig. S7G and fig. S7H , respectively. It can be found that the size of the RuW particles in the RuW/SiO2 catalyst did not change notably after five cycles. ¶ Anisole, R' = CH3OH. To further study the reaction mechanism, the transformation of phenol (table S3, entry 1) and other substrates in which the hydrogen atoms on the methoxy group of anisole are replaced by CH3 partially or completely (table S3, entries 2-5), were studied systematically. It can be found that, without exogenous reductant, the reaction of phenol did not occur, whereas anisole could be singly transformed into benzene (table S3, entries 1-2), indicating that activated aliphatic C-H (CAl-H) bond could be the reductant for the cleavage of the CAr-O bond. The yields of benzene decreased (table S3, entries 3-5) when more hydrogen in methoxy group are replaced by CH3. Especially, the yield of benzene approached zero when all the hydrogen atoms were replaced (table S3, entry 5). According to the above comparative experiments, it is further confirmed that the CAl-H bond enabled the hydrogenolysis of CAr-O bond without exogenous reductant, and the original aliphatic C-O (CAl-O) bond was transformed into CAl=O bond (table S3, entry 3-4, fig. S6A ). By comparison, with exogenous hydrogen in the catalytic system, CAr-O bond was cleaved by a direct hydrogenolysis mechanism, and methanol was generated (table S3, entry 6). However, under the same H2 pressure, the hydrogenolysis of CAr-O bond in phenol was evidently more difficult than that in anisole (table S3, entries 6-7), demonstrating that the bond dissociation energy of the phenolic CAr-OH bond is higher than that of the ether CAr-OCH3 bond. Consequently, the SSH reaction mechanism should be the coupling of effective activation of CAl-H bond and cleavage of CAr-O bond, rather than the multi-step path with phenol as the intermediate product. Actually, phenol could not be detected in this catalytic reaction ( fig. S7A-D) . During the reaction at 175 o C, formaldehyde was not detected (table S3, entry 2). It is well known that formaldehyde is apt to decompose with H2 and CO2 as the main products, which could be observed in the GC traces of the gaseous sample ( fig.  S2C ). For the same reason, acetaldehyde was obtained just with a yield of 5.6%, which was far lower than that of benzene (table S3, entry 3) (59). 
